S3
S. oneidensis MR-1 and ΔmtrC were aerobically cultured in 200 mL bottle containing 100 mL LuriaBertani (LB; 25 gL -1 ) medium shaking at 160 rpm at 30C and sampled about 15 mL at some timings during growth. The obtained cell suspension was washed twice with 10 mL defined medium. The half of the cell was applied to CD spectroscopy and the other was subjected to disruption by CelLytic B (Sigma-Aldrich) followed by quantification of MtrC in heme-dependent SDSPAGE. In detail, 400 μL of CelLytic B was added to the pellet made of 1.0 mL cell suspension of OD 600 = 1.0 and the solution was gently mixed. After 15 minutes, the solution was diluted to appropriate concentration by sample buffer and applied to SDSPAGE as described previously (Thomas P. E. et al, Anal. Biochem., 1976, 75 (1), [168] [169] [170] [171] [172] [173] [174] [175] [176] . Since the band intensity increases with the amount of heme (Goodhew C. F. et al, Biochim. Biophys. Acta, 1986, 852(2-3) , 288-294), we estimated the amount of MtrC from the band intensity measured by free-software, Image J, using the band from horse heart cytochrome c as standard curve. The position of band corresponding MtrC protein was confirmed by purification of MtrCAB complex as reported (Daniel E. Ross et al, Appl. Environ. Microbiol., 2007, 73(18), 5797-5808) .
Electrochemical measurements of current generation from S. oneidensis MR-1
Electrochemical experiments were conducted in a single chamber, three-electrode system, as described in previous reports (Y. Tokunou, et al, J. Vis. Exp., 2018, 134, 57584) (A. Okamoto et al, Electrochim. Acta, 2011, 56(16), 5526-5531) (Y. Tokunou et al, J. Phys. Chem. C, 2016, 120(29) , 16168-16173).
The three-electrode system comprised of an indium tin-doped oxide (ITO) substrate (surface area of 3.1 cm 2 ) as the working electrode at the bottom of the chamber, and Ag/AgCl (KCl saturated) and a platinum wire, which were used as reference and counter electrodes, respectively. S. oneidensis MR-1 cells aerobically cultured in 15 mL Luria-Bertani [25 gL -1 ] medium for 24 hour at 30C was centrifuged at 6,000  g for 10 min, and the resultant cell pellet was resuspended in 15 mL of electrochemical medium (pH 7.8 carbon for S. oneidensis MR-1. The cells were further cultivated aerobically at 30C for 12 hours and centrifuged again at 6,000  g for 10 min. The resultant cell pellet was then washed twice with EM medium by centrifugation for 10 min at 6,000  g before electrochemical experiment. Four milliliters of EM containing lactate (10 mM), where pH was adjusted by NaOH or H 2 SO 4 , was deaerated by bubbling with N 2 and added into the electrochemical cell as an electrolyte. The reactor was maintained at a temperature of 303 K and was not agitated during the measurements. A cell suspension of S.
oneidensis MR-1 in EM with OD 600 of 0.1 was injected into the electrochemical cell with a potential of +0.4 V versus standard hydrogen electrode (SHE).
S4
CD calculation based on the exciton chirality method CD calculations based on the exciton chirality method were carried out in both oxidized and reduced MtrC. To calculate the CD spectra, the excited-state energies (ε) and the rotational strengths (R) were evaluated by a diagonalization of a determinant, in which off-diagonal terms (V ijkl ) were obtained by a point-dipole approximation. Here, electric transition dipole moments (μ ij ), which are necessary parameters for calculating V ijkl , and excitation energies of hemes (σ ij ) were obtained by time-dependent density functional theory (TDDFT: Gaussian 09) calculations based on structures of hemes having two imidazole axial ligands in a crystal structure of the oxidized MtrC (PDB code: 4LB8). The TDDFT calculations of hemes of reduced MtrC were carried out by changing the total charge of hemes without changing structure of oxidized MtrC. In the TDDFT calculations, B3LYP correlation function was applied. We used the 6-31G* basis set for the hydrogen, carbon, nitrogen and oxygen atoms, the LANL2DZ basis set for iron ion (X. Ming et al, J. Phys. Chem. B, 2008, 112, 990−996) . In the case of porphyrin analogies, two transitions, whose electric transition dipole moments are degenerate and orthogonal to each other, exist in the Soret band region (μ ix and μ iy for unit i). Thus, the determinant of purified MtrC should be evaluated for calculating twenty excited-state energies, ε n (n = 1−20), and twenty eigenfunctions, Ψ n (n = 1−20), which is represented by the linear combination of the basis function ϕ ij , which describes unit i (i = 1−10) in the excited state j (j = x, y) as follows.
(1)
Here, σ ij is excitation energy of the heme. Off-diagonal term (V ijkl ) is represented under a point-dipole approximation as follows.
r ij denoted the distance vector between i and j. The eigenvalues and eigenvectors were obtained by diagonalizing the matrix. Rotational strength (R n ) is expressed as follows. reproduced that the intensity of positive peak in reduced form was three times larger than that in oxidized form although the intensity of calculated CD was larger than that of observed CD because of the overestimation due to the point-dipole approximation. This indicates that the spectral change from the oxidized state to the reduced state can be explained by the increase of the electric transition dipole moment which enhances CD intensity in reduced MtrC. This is consistent with the fact that molecular extinction coefficient at the Soret band of reduced MtrC is larger than that of oxidized MtrC ( Figure   S1 ). MtrC in whole-cell changes according to the absorption peak intensity in Figure S9 . Although the absorption change of MtrC against pH in Figure S9 is most likely assignable to conformational change of heme centers, we examined the Δε with an assumption that concentration of MtrC alters upon pH change. The Δε decrease at pH of between 7.4 and 6.8 was observed, further supporting the conclusion of Figure 3b that the pH induced the heme conformational change. (T. Shibanuma et al, Angew. Chem. Int. Ed., 2011, 50(39), 9137-9140) . In oxidized state, both the purified MtrC and whole-cell showed a dispersion type Faraday A term at Soret region, which is consistent with the feature of two histidine residues as axial ligands reported as oxidized crystal structure (Edwards M. J., et al. Sci. Rep., 2015, 5, 11677) . After reduction, Faraday A term was observed with center wave length around 550 nm in both the purified and native MtrC, which is a characteristic of the low-spin ferrous state (Field. S. J., et al, J. Biol. Chem., 2000, 275, 8515-8522) . Notably, this spectral tendency is consistent with reduced heme with histidine residues as axial ligands, e.g. c-Cyt isolated from Shewanella frigidimarina NCIMB400 (Field. S. J., et al, J. Biol. Chem., 2000, 275, 8515-8522) . Furthermore, the positive CD signal observed at the Soret band of reduced MtrC in whole-cell is similar to the CD spectra of c 3 -Cyt purified from Shewanella oneidensis TSP-C, which has two histidine residues as axial ligands (Y. Takayama et al, Biochemistry, 2006, 45, 3163-3169) . Thus, these MCD and CD spectra suggest that the reduced MtrC in whole-cell maintains the coordination of bis-histidine. Figure S14. CD spectra of MtrCAB complex, which was purified as reported previously (Daniel E.
Ross et al, Appl. Environ. Microbiol., 2007, 73(18), 5797-5808) . Reduced MtrCAB (red line) was achieved by the addition of 1.0 mM Na 2 S 2 O 4 to oxidized MtrCAB (black line).
